This study investigates under which conditions the L1 syntax is activated in L2 on-line sentence comprehension. We study whether cross-linguistic syntactic activation of the L1 word order is affected by lexical activation of the first language (L1) by virtue of cognate words. In two eye-tracking experiments, German-English bilinguals and English natives read English sentences containing reduced relative clauses whose surface word order partially overlaps with German embedded clauses. The verbs used were either German-English cognates or matched control verbs. The results show lexical cognate facilitation and syntactic co-activation of L1 word order, with the latter being moderated by proficiency and cognate status. Critically, syntactic co-activation is found only with English control words. We argue that fleeting co-activation of the L1 syntax becomes measurable under higher demands of lexical processing, while cognate facilitation frees resources for inhibition of the L1 syntax and target-like syntactic processing.
Introduction
When bilinguals read sentences in one of the languages they command, they can in principle resort to linguistic elements and structures from more than one language. Research on sentence comprehension in adult L2 learners suggests, however, that L2 readers do not frequently activate L1 structures, and evidence that the L1 syntax affects on-line L2 sentence processing is sparse and inconclusive (for review, see Roberts, 2013) . In contrast, studies on bilingual lexical processing show that bilinguals constantly activate lexical representations of the other language(s), irrespective of whether they read in the L1 or the L2 (for overview, see De Groot, The paper is organized as follows. Section 2 reviews previous research on crosslinguistic activation in lexical and syntactic processing. In Section 3, Experiments 1 and 2 are presented, and Section 4 offers a general discussion and concludes.
Cross-linguistic influence in lexical and syntactic processing
Cross-linguistic influence and L1 transfer have long been central topics of research in bilingualism and second language acquisition. Traditionally, they have been studied with respect to whether the grammatical representations of the L1 inform Interlanguage grammars and lead to non-target-like production and comprehension (e.g. Odlin, 2003; Schwartz & Sprouse, 1996) . In research on language processing, cross-linguistic influence is examined with regard to the issue of whether properties of the L1 are consulted in real-time production or comprehension, even if these effects may not persist to the final stage of word or sentence production or interpretation and thus do not result in non-target-like production or comprehension outputs.
In this section, we first discuss cross-linguistic influence in lexical processing, including effects of proficiency and context, and then turn to syntactic processing in production and comprehension. Within single-language tasks, bilinguals, unlike monolinguals, process cognate words faster compared to lexically matched language-particular word forms, which indicates that lexical representations across languages are activated even when only one language is in use (Dijkstra, 2005) . Cognate effects have been reported for a variety of tasks, such as lexical decision (e.g. Lemhöfer, Dijkstra & Michel, 2004) , progressive demasking (Lemhöfer, Dijkstra, Schriefers, Baayen, Grainger & Zwitserlood, 2008) and picture naming (e.g. Costa, Caramazza & Sebastian-Galles, 2000) .
Recent studies investigate the extent to which cognate facilitation persists in sentential contexts that clearly signal the relevant language in use. Bilinguals show cognate facilitation effects when reading sentences presented exclusively in the L1 (e.g., Van Assche, Duyck, Hartsuiker & Diependaele, 2009; Titone, Libben, Mercier, Whitford & Pivneva, 2011) or the L2 (e.g., Schwartz & Kroll, 2006; Duyck, Van Assche, Drieghe & Hartsuiker, 2007; Libben & Titone, 2009 , Van Assche, Drieghe, Duyck, Welvaert & Hartsuiker, 2011 . For sentences that are highly semantically constraining in that the critical words have a high cloze predictability, reading times for language-ambiguous words such as cognates are sometimes reported to be closer to those of control words (e.g., Schwartz & Kroll, 2006; Van Hell & de Groot, 2008; Libben & Titone, 2009) , even though some studies find no attenuation of cross-linguistic co-activation by semantic constraint (e.g. Van Assche et al., 2011) . lexical boost is more pronounced at lower proficiency levels in the L2 (Bernolet, Hartsuiker & Pickering, 2013) , while more highly proficient L2 learners demonstrate priming irrespective of lexical repetitions.
Facilitatory effects of cross-linguistic lexical correspondences have also been observed in experimental studies of primed intrasentential code-switching. Kootstra, van Hell and Dijkstra (2012) primed Dutch-English bilinguals with code-switched sentences and asked them to subsequently describe a picture using a sentence with a code switch. Participants tended to switch at the same position as in the prime sentence more often if there was lexical overlap between the sentences and most often if the switch word was a cognate. Further, Bultena, Dijkstra and van Hell (2014) report that cognates reduce language switching costs in verbal shadowing. Within the Shared Syntax model, these effects are argued to be the result of cognates sharing (parts of) lemma entries that are connected to combinatorial nodes in syntax, such that the syntax of the other language is activated.
For reading in monolingual sentence contexts, however, evidence of the activation of L1 morphosyntax is mixed. For inflectional morphology and its associated agreement properties, L2 learners initially transfer properties of the L1. For instance, using sentence-interpretation tasks, studies conducted within the Competition Model framework (MacWhinney, 1997) demonstrate that the comprehension of simple NVN orders in an L2 is affected by the cue salience of e.g., word order, animacy, subject-verb agreement and case-marking in the L1 of the learners, at least at lower proficiency levels (Su, 2001) . Similar effects of L1 influence and proficiency have been reported for the L2 processing of more complex word order measured in behavioural on-line reading tasks (e.g. Hopp, 2006 Hopp, , 2010 Jackson, 2008) and in behavioural and electrophysiological studies on gender and number agreement violations (e.g. Alemán Bañón, Fiorentino & Gabriele, 2014; Coughlin & Tremblay, 2013; Sagarra & Herschensohn, 2011) .
L2 readers also access subcategorization properties of the L1 verbs in L2 reading. In an eye-tracking experiment, English-French and French-English bilinguals showed longer first-pass reading times on verbs in the L2 if these verbs differ in transitivity from their L1 translation equivalents compared to when L1 and L2 overlap in subcategorization (Frenck-Mestre & Pynte, 1997) . In a self-paced reading study, Juffs (2004) finds that L1 Spanish and L1 Chinese readers, on the one hand, differ from L1 Japanese readers, on the other hand, in how they process optionally transitive verbs in sentences like After the children cleaned the house looked very neat and tidy. Juffs relates these differences to the fact that Japanese is verb-final and therefore does not license post-verbal objects in any context. L2 learners also transfer more fine-grained selectional preferences of verbs from the L1. Dussias and Cramer-Scaltz (2008) found that the reading patterns of L1 Spanish learners in L2 English were affected by whether the Spanish translation equivalents of the main clause verb in sentences like The ticket agent admitted that the mistake might not have been caught favoured a direct object or a sentential complement.
At the same time, L2 readers do not consistently seem to recruit the L1 syntax in L2 sentence processing. For temporarily ambiguous relative clauses such as The secretary of the professors who were sick missed the meeting, languages differ in whether they favour attaching the relative clause to the first NP (secretary) or the second NP (professors). Many studies on L2 processing find that L2 readers show the same or no syntactic attachment preference, irrespective of whether the L1 and L2 display different preferences (e.g. Papadopoulou & Clahsen, 2003; Felser, Roberts, Marinis & Gross, 2003 , but see Hopp, 2014 Witzel, Witzel & Nicol, 2011) . However, proficiency differences may moderate attachment preferences in that lower-proficient L2 readers transfer the L1 preference and more highly proficient readers adopt the target-language preference (Frenck-Mestre, 2002) . Further, L2 speakers do not differ in their on-line comprehension of pronominal subject reference depending on whether the L1 matches the L2 in terms of syntactic subject realization (German-Dutch) or whether it allows for null subjects (Turkish; Roberts, Gullberg & Indefrey, 2008 ). Yet other studies find that even highly proficient L2 readers do not access syntactic structure in the incremental comprehension of long-distance dependencies in the L2, even if the L1 affords comparable grammatical options (Marinis, Roberts, Felser & Clahsen, 2005; Felser & Roberts, 2007 , though see Omaki & Schulz, 2011; Pliatsikas & Marinis, 2013) .
Summarizing, in production, bilinguals co-activate L1-L2 word order correspondences in language-switching contexts, especially under conditions of lexical form overlap. In contrast, for on-line sentence comprehension, L1 influence has been shown for lexical-thematic information and agreement, whereas there is less evidence for activation of the L1 grammatical structure.
The current study
In this study, we ask whether cross-linguistic activation of the L1 grammatical structure in on-line comprehension of L2 sentences is affected by cross-linguistic lexical activation. Building on an earlier study by Jacob (2009), we focus on sentences as (1).
(1) When the doctor Sarah ignored tried to leave the room the nurse came in all of a sudden.
In (1), the preposed adjunct clause contains a reduced object-extracted relative clause. Reduced relative clauses induce increased processing load compared to canonical sentences or non-reduced relative clauses for monolingual readers of English (e.g. Bever, 1970; MacDonald, 1994) as well as for L2 readers of English across different L1s (Juffs, 1998) . Although a syntactically complex construction in English which necessitates the opening of a relative clause, the preposed clause displays the unmarked canonical SOV word order of German embedded clauses. Given that German is head-final in embedded clauses (Grewendorf, 1995) , the beginning of the preposed adjunct clause would receive the canonical reading of "when the doctor ignored Sarah". This contrast is well-suited to studying activation of the L1 syntax because a simpler word order option of the L1 potentially competes with the structurally more complex syntax of the L2. In an unpublished study using self-paced reading, Jacob (2009) reports longer reading times of L1 German L2 learners of English on the clause-final participle of the reduced relative clause (betrayed) for sentences that match the unmarked German word order (as (2)) compared to mismatching control sentences.
(2) When the barmaid Damian deceived and betrayed attempted to steal the spoons nobody paid attention.
In Jacob (2009), these slowdowns indicative of L1 activation were limited to when readers read German and English sentences in alternation, i.e. a language mixing context. In contrast, proficiency-matched L1 French learners did not show similar slowdowns, which shows that the specific slowdowns for the German-English learners are due to cross-linguistic differences, rather than bilingual processing per se. Effects of the temporary cross-linguistic activation of word order can be captured in constraint-based theories of language according to which comprehenders maintain several possible syntactic analyses in parallel and ultimately adopt the interpretation receiving the strongest support (MacDonald, Pearlmutter & Seidenberg, 1994; Trueswell, Tanenhaus & Garnsey, 1994) . Within parallel-activation frameworks, studies on monolingual sentence processing have documented effects of local coherence, where readers temporarily pursue a less complex locally coherent interpretation, even though the local parse is not compatible with the global grammatical analysis. For instance, Tabor, Galantucci and Richardson (2004) compare reading times for sentence pairs as in (3).
(3) a. The coach smiled at the player tossed the frisbee by the opposing team.
b. The coach smiled at the player thrown the frisbee by the opposing team.
Native English readers suffer processing slowdowns on the region encompassing the reduced relative clause ('tossed the frisbee') in (3a) versus (3b) by the activation of a locally coherent SVO template ("the player tossed the frisbee") in (3a), which is not available in (3b) (see also Cai, Sturt & Pickering, 2012) . Such effects can be captured in lexicalist models of parallel activation of constraints (e.g., MacDonald et al., 1994; Trueswell et al., 1994) , probabilistic parsing models (e.g. Levy, 2008) , skilled memory-based parsing models (e.g. Lewis & Vasishth, 2005) or dual-pathway models of sentence processing (e.g. Townsend & Bever, 2001; Ferreira, 2003) . Differences between these accounts aside, they all hold that, by virtue of form-based analogy, a locally coherent string may be computed temporarily. It interferes with the global grammatical analysis in comprehension and engenders processing slowdowns. In this study, we examine the conditions under which a locally coherent L1 parse is adopted during L2 sentence comprehension, and we specifically focus on effects of proficiency, context and verb type.
For proficiency and context, previous findings allow for clear hypotheses in that, if the L1 syntax is activated, (1) lower-proficiency learners will show greater activation of the L1 than higher-proficiency learners and (2) increased activation of the L1 in a language-mixing context will lead to greater cross-linguistic influence from the L1 in L2 comprehension.
Our main question for the experiments is whether cross-linguistic lexical activation affects cross-linguistic syntactic activation in licensing locally coherent L1 parses. We test between three different hypotheses.
First, lexical differences could have no effect on L1 grammatical activation since adult L2ers may not recruit L1 parses in L2 comprehension, as argued by, e.g. the Shallow Structure Hypothesis (Clahsen & Felser, 2006) . Second, lexical co-activation could spread to syntactic co-activation, such that evidence of a locally coherent L1 parse surfaces more robustly under lexical form overlap. According to the Shared Syntax model (Hartsuiker & Pickering, 2008) , combinatorial nodes of syntactic constructions are tied to lemma entries, such that lexical co-activation of the L1 lemma by virtue of a cognate should lead to activation of its associated high-frequency L1 word order. Evidence of a cognate boost comes from studies on cross-linguistic syntactic priming (e.g. Cai et al., 2011) . For non-cognates, these effects should be reduced or absent, since the L1 combinatorial nodes are not co-activated. 1 Third, capacity-models of L2 reading comprehension assume that L2 readers make recourse to shallow or L1-based processing under conditions of increased 1. The Shared Syntax model has been formulated as a model of bilingual production on the basis of priming studies. Note, though, that production priming is necessarily channelled through the comprehension system before a speaker can re-use a structure. In addition, structural priming effects also surface in comprehension, especially with lexical overlap (e.g. Tooley & Traxler, 2010; Kim, Carbary & Tanenhaus, 2014) . Therefore, the assumptions of the Shared Syntax model can presumably be extended to comprehension. processing demands (McDonald, 2006; Hopp, 2010; Sorace, 2011; Dekydtspotter & Renaud, 2014) . Given that cognates facilitate lexical access by virtue of crosslingual co-activation, L2 readers may show less activation of a locally coherent L1 parse with cognates than with control words because cognate facilitation frees resources for inhibiting the L1 word order and for computing the (more complex) L2 parse. For instance, in a cross-modal priming study on non-local dependencies, English-French readers were found to use (L2) syntactic structure more reliably if lexical processing was facilitated by cognates (Miller, 2014) .
Against the backdrop of these predictions, Experiment 1 addresses the effects of verb type and proficiency in a monolingual English sentence context, and Experiment 2 probes these effects in a language-mixing context where participants read English and German sentences in alternation.
Experiment 1

Participants
We recruited 24 native speakers of English (19 females, mean age = 21.3 yrs) at a large US university. None of the native speakers had had any exposure to German and Dutch, even though most of them had learned other languages at various ages. In addition, 54 L1 German late learners of L2 English (42 females, mean age = 20.9 yrs) took part in the experiment. They were all students of English at a German university and were residents in Germany at the time of testing. They had all started learning English after age 11. They took a standardized English proficiency test with 43 items taken from the Michigan (MELICET-GCVR) test of English proficiency (Blattner, 2007) , and they rated their English proficiency on a 10-point scale for reading, spelling, writing, speaking and comprehension ability. Self-rating English reading (out of 10) 7.6 4-10 1.2
Self-rating English spelling (out of 10) 7.7 3-10 1.7
Self-rating English writing (out of 10) 7.6 3-10 1.4
Self-rating English speaking (out of 10) 7.7 3-10 1.5
Self-rating English comprehension (out of 10) 8.2 5-10 1.3
Self-rating English (total out of 50) 38.7 23-48 5.1
Length of Residence in English-speaking countries 0.4 0-2 0.5
The average proficiency score in the standardized task was 30.5 out of 43, which placed the participants at a high-intermediate to advanced level. Self-ratings were comparable, and participants rated their mean English abilities -calculated as the total average across all dimensions -at 38.7 out of 50. Additional participant information is given in Table 1 .
Materials
We designed 64 quadruplets of sentences as in (4). (4) In sentences beginning with preposed adjunct clauses ( (4a) and (4c)), the sentence started with a temporal conjunction that was followed by a definite subject NP. The second NP, i.e. the subject of the (reduced) relative clause, was always a proper name, followed by a past-tense verb. The verb of the reduced relative clause was followed by a complex verb and the main clause. For sentences that were mainclause-initial ((4b) and (4c)), the order was the same, except for the missing sentence-initial conjunction. All sentences in (4) contained (reduced) relative clauses. Importantly, the surface word order in the preposed adjunct clauses in (4a) corresponds to the regular SOV order in German embedded clauses. In contrast, the main clause order in (4b) does not overlap with canonical German surface word order, since German is verb-second in main clauses (Grewendorf, 1995) . Sentences ((4a) and (4b)) differ from ( (4c) and (4d)) with respect to the presence of an overt relative pronoun. Due to the overt relative pronoun, (4c) and (4d) do not overlap with surface word order in German at all, such that (4c) could not be parsed according to canonical German word order. Instead, it requires a relative clause parse in both languages. These sentences with overt relative pronouns serve as control sentences to account for any potential differences between main and embedded clauses that are independent of differences in the cross-linguistic overlap of surface word order in sentences ((4a) and (4b)).
In 32 quadruplets, the first verb in the sentence was a cognate verb; in 32 quadruplets, the first verb was a non-cognate (for all verbs, see Appendix). Each verb was used twice in the experiment. For each sentence with a cognate verb, a sentence with a non-cognate verb that was matched in meaning was constructed, such that the differences between the sentence sets in aspects other than crosslinguistic lexical overlap were minimized. All sentences were lowly semantically constraining with respect to the verbs. Cognates and control words were matched with respect to word length, syllable length, log (lemma) frequency in the CELEX corpus (Baayen, Piepenbrock & Gulikers, 1995) and normalized frequency measures in the subtitle corpora SUBTL-UK and SUBTL-US (Van Heuven, Mandera, Keuleers, & Brysbaert, 2014) . In addition, the verbs in the two conditions were matched on English neighbourhood density using Word Gen (Duyck, Desmet, Verbeke, & Brysbaert, 2004;  Table 2) . Separate two-level analyses of variance (ANOVAs) showed that cognate and control verbs did not differ on any of these dimensions (all ps > .26). Following previous studies on lexical co-activation (e.g. Bultena, Dijkstra & Van Hell, 2013) , cognate status was measured in terms of orthographic similarity of the English word to its German translation equivalent by virtue of Van Orden's similarity measure (Van Orden, 1987) . A one-way ANOVA showed a highly significant difference between cognates and control words (F(1,31) = 127.113, p < .0001). Four lists were constructed that contained eight items from each condition. In addition, we added 138 fillers of various other structures, none of which included relative clauses. 2 Half of the fillers were followed by comprehension questions targeting the content of the sentences to make sure that participants read attentively for comprehension.
Procedure
The participants were tested individually. Participants were seated approximately 70cm from the screen with their chins resting on a chinrest to minimize head 2. The full set of materials and comprehension questions are available by request.
movements. An SMI-RED 500 binocular eye tracker with a spatial resolution below 0.4 degrees recorded eye movements at a temporal resolution of 500Hz. Prior to the experiment, participants read instructions and worked through five practice items. They were told to read for comprehension at a normal pace. A nine-point calibration and validation followed. We aimed for visual acuity of less than 0.5 degrees of dispersion. Participants were recalibrated during the experiment when necessary to correct drift. The participants navigated the experiment using a game pad that had three buttons: a "Go" button and two response buttons for answering the comprehension questions. The sentences were presented individually on a single line in white font (Arial 20-point) on a black 19' TFT-screen. Before each sentence, the participants saw a black screen with the word "START" in sentenceinitial position. The participants clicked a button to call up the sentence. After reading the sentence, the participants pressed a button to proceed to the comprehension question or the "START" screen that preceded the following item. The participants took the reading experiment in two parts. In between, they filled in a language background questionnaire and completed other tasks. The proficiency test was administered in class. In total, the experiment took between 45 minutes and one hour, and each part of the reading experiment lasted between 12 and 20 minutes.
Results
Of the 54 non-native participants, five were excluded from analysis due to missing proficiency data or noisy gaze measures. The data from the 24 native speakers and remaining 49 L2 speakers were analysed. For the reading time analysis, we focus on three regions of interest in the experimental sentences: (i) the verb of the relative clause (ignored), (ii) the following verb (tried) and (iii) the infinitival (to leave).
For all reading time measures, the data for a particular region were excluded if the first fixation or first pass reading time measure for that region was zero, i.e. the region was skipped. In addition, fixations shorter than 80 ms were discarded, because readers cannot extract sufficient information in such short fixations (Rayner, 1998) . In addition, all fixations longer than 1800 ms were excluded. In all, this affected less than 6% of all the data.
For each region of interest, we analyzed first fixation duration, first-pass reading time, second-pass reading time, total reading time and number of regressions. First fixation duration is the length of the (single) first duration in a region, which is typically associated with processes of lexical access (Rayner, 1998) . First pass reading time is the sum of all fixations in a region before the reader exits this region for the first time. First pass reading time has been taken to index first pass syntactic processing (e.g. Rayner, 1998) . Second pass reading time refers to the summed length of all fixations in a region when the reader re-reads this region. Total reading time is the sum total of all fixations in an area of interest. The number of regressions expresses how often readers launched a backward eye movement out of a particular region. These latter three measures are commonly associated with sentence integration and reanalysis (Clifton, Staub & Rayner, 2007) . For each region of interest, we used linear mixed-effects models that included subject and item intercepts as random effects and the factors Clause Type (Main Clause or Embedded Clause), Relative Clause Type (Non-reduced or Reduced) and Verb Type (Cognate or Control) and, for the L2 group, Proficiency as fixed effects. 3 Fixed variables were removed if they did not significantly improve the model, as determined by likelihood ratio tests. Table 3 gives the reading times and the number of regressions for each group in each of the three regions of interest. 
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744 (23) 773 (24) 578 (20) 614 (20) 697 (23) 737 (23) 511 (15) 554 (18) 583 (19) 618 (18) 467 (16) First, we checked whether the groups show effects of a cognate facilitation effect, i.e. a main effect of Verb Type across all conditions, on the region of the relative clause verb (V1 region). Finding effects of cognate facilitation would indicate that the L1 is lexically co-activated in L2 sentence comprehension. In light of previous findings on cognate facilitation in sentence reading, we would expect to see effects of cognate facilitation in early measures, e.g. first fixation durations, which index processes of lexical access.
Second, we tested whether there are effects of the activation of the L1 syntax in L2 reading comprehension. Such effects would manifest themselves in an interaction of Clause Type and Relative Clause Type in the reading times on V1 and later regions. Following the findings in Jacob (2009), reading times for reduced relatives in embedded clauses (4a), which are temporarily isomorphic with L1 surface order, should be longer than those in main clauses (4b). On the basis of the self-paced reading results in Jacob (2009), we may expect effects of syntactic coactivation to surface as reading slowdowns signalling cross-linguistic competition on the participle of the reduced relative clause, i.e. V1. We expect potential effects to surface in first-pass reading times, which are associated with initial structure building, or second pass and total reading times which reflect processes of reanalysis and integration (for discussion, see Clifton, Staub & Rayner, 2007) .
Cognate effects on V1. On V1, the native group did not show a main effect of Verb Type in first fixation in any measures (all z's < 1), whereas the L2 group showed significantly faster first fixation durations for cognate verbs than for control verbs (255 ms vs 270 ms; ß = 15.05; SE = 7.13, z = 2.108; p = .039). In later reading measures, there were no significant differences between control and cognate verbs in either group (Table 4) . For the L2 group, we checked whether the cognate effect is modulated by individual differences in proficiency by adding the fixed factor Proficiency to the model. For first fixation durations, there was a main effect of Proficiency (ß = 2.56, SE = 1.13, z = 2.262; p = .028), yet no interaction of Proficiency and Verb Type (ß = 0.57, SE = 0.71, z = 0.803; p = .422). The main effect of Proficiency remained in first pass reading times (ß = 4.52, SE = 1.49, z = 3.029; p = .004) and total reading times (ß = 8.97, SE = 3.75, z = 2.394; p = .020) and reflected faster reading times in the more highly proficient speakers. There were no interactions with Verb Type.
Reading times by condition across areas of interest. Native speakers:
On the V1 region, the native readers exhibited (marginally) significant main effects of Relative On the V2 region, the analysis returned significant main effects of Relative Clause Type with shorter reading times for non-reduced relative clauses in total reading times (501 ms vs 614 ms; ß = 182.61, SE = 80.80, z = 2.260; p = .024), and non-reduced relative clauses elicited marginally fewer regressions (226 vs 391; ß = 0.302, SE = 0.165, z = 1.825; p = .068). There were no further significant main effects or interactions.
On the V3 region, no effects reached significance in reading times. However, the main effect of Relative Clause Type attained significance in the number of regressions, with fewer regressions for non-reduced relative clauses (168 vs 257; ß = 0.279, SE = 0.134, z = 2.085; p = .037).
In sum, the reading patterns of the native speakers illustrate that reduced relative clauses evince longer reading times at the relative clause verb and thereafter. Moreover, relative clauses in embedded clauses are somewhat easier to process than in main clauses. Critically, there was no effect of Verb Type in any of the measures or any region.
L2 group: On the V1 region, the L2 group showed main effects of Relative Clause Type in that the non-reduced relative clauses had shorter reading times in first pass (226 ms vs 353 ms; ß = 293.25, SE = 147.0, z = 1.995; p = .046), second pass (226 ms vs 353 ms; ß = 161.65, SE = 57.53, z = 2.810; p = .005) and total reading times (601 ms vs 757 ms; ß = 211.36, SE = 64.09, z = 3.298; p = .001). Further, there was a significant main effect of Verb Type in first pass reading times (ß = 808.37, SE = 326.92, z = 2.473; p = .013), which was further moderated by significant interactions with the factors Proficiency and Verb Type (ß = 25.28, SE = 10.34, z = 2.446; p = .015), Proficiency and Verb Type and Clause Type (ß = 13.94, SE = 6.52, z = 2.136; p = .033), Proficiency and Verb Type and Relative Clause Type (ß = 17.62, SE = 6.54, z = 2.694; p = .007) as well as Proficiency and Verb Type, Clause Type and Relative Clause Type (ß = 9.84, SE = 4.13, z = 2.380; p = .017). There were no further interactions in any other reading time measure.
On V2, there were main effects of Relative Clause Type, with shorter reading times for non-reduced than reduced relative clauses, in first pass (348 ms vs 366 ms; ß = 59.97, SE = 28.80, z = 2.082; p = .037), second pass (188 ms vs 334 ms; ß = 134.61, SE = 50.83, z = 2.648; p = .008), and total reading times (536 ms vs 700 ms; ß = 195.30, SE = 56.69, z = 3.445; p = .001) as well as the number of regressions (401 vs 803; ß = 0.31, SE = 0.091, z = 3.323; p = .001). There were no further main effects of interactions.
On V3, the L2 group also showed main effects of Relative Clause Type which reflected shorter reading times for non-reduced relative clauses in first fixation duration (232 ms vs 240 ms; ß = 34.84, SE = 18.29, z = 1.905; p = .057), first pass reading times (350 ms vs 370 ms; ß = 59.89, SE = 29.68, z = 2.018; p = .044) and total reading times (518 ms vs 622 ms; ß = 112.83, SE = 52.27, z = 2.158; p = .031) as well as a lower number of regressions (296 vs 627; ß = 0.199, SE = 0.018, z = 10.701; p < .001). Further, there were no main effects of interactions.
In light of the four-way interaction of Clause Type, Relative Clause Type, Verb Type and Proficiency in first-pass reading times on V1, we decided to break down the analysis of the critical interaction of Clause Type with Relative Clause Type according to the factor Verb Type by assessing whether proficiency correlated with the differences in reading times between embedded and main clauses, i.e. between orders that correspond to German surface order (embedded clauses) and those that do not (main clauses). This analysis returned a significant negative correlation of Proficiency (r = −.335, p = .019) for the effect of Clause Type for Control Verbs in reduced relative clauses (i.e. reading time differences between (4a) and (4b)).
There was no correlation with proficiency for the effect of Clause Type in nonreduced relative clauses ( (4c) vs (4d); r = .030, p = .839). For cognate verbs, there was no correlation with proficiency for the effects of Clause Type in reduced relative clauses ( (4a) vs (4b); r = .090, p = .540), either. Figure 1 plots the correlation of Proficiency and the difference in reading times in (4a) and (4b) for control verbs. Figure 1 shows that, for control verbs, lower proficiency is associated with longer first pass reading times on the verb of the reduced relative clause in embedded than in main clauses. In contrast, reading times for the more highly proficient readers were largely the same in main and in embedded clauses. 4 In sum, we did not find any interactions of Relative Clause and Clause Type at the group level of the L2 readers that could be taken to reflect processing differences according to the availability of a locally coherent surface order in German embedded clauses for embedded reduced relative clauses in English. However, the four-way interaction of Clause Type, Relative Clause, Cognate and Proficiency for first pass reading times on V1 indicates that it takes lower-proficiency readers longer to read the relative clause verbs in embedded reduced relative clauses that share surface order with German clauses compared to the other clauses. Critically, this effect is limited to non-cognates, i.e. control verbs, in reduced relatives. For cognate verbs and the non-reduced relative clauses, there is no analogous effect, and reading times were the same in embedded clauses as in main clauses.
Discussion
The reading time data in Experiment 1, first, establish a cognate effect in reading English sentences on the verb region V1. First fixation durations on cognate verbs were significantly shorter than on control verbs for the L2 group, while they were statistically indistinguishable for the monolingual group of L1 English readers. Later reading time measures did not show differences according to Verb Type. These effects are in line with other studies that test for cognate effects in sentence 4. An anonymous reviewer wonders whether the lowest-proficiency L2 speakers differ reliably from the L1 group in first pass reading times for sentences (4a) and (4b). When comparing the L1 group and the lowest-proficiency L2 group (n =18) on first-pass reading times on V1, we find a significant interaction of L1, Relative Clause Type and Verb Type (ß = −207.47, SE = 106.43, z = −1.949; p = .051) and a marginally significant interaction of L1, Relative Clause Type, Clause Type and Verb Type (ß = −120.69, SE = 67.31, z = −1.793; p = .073). These interactions bear out that the lowest-proficiency L2 speakers showed reading time differences for non-cognate verbs between (4a&b) (467 ms vs 431 ms), whereas the L1 group did not (362 ms vs 355 ms).
contexts, which also found cognate effects in early measures (e.g. Libben & Titone, 2009 , van Assche et al., 2013 . 5 As in other studies on effects of cognate verbs, the present effects are somewhat smaller than for cognate nouns and they are specific to early reading time measures (Bultena, Dijkstra & Van Hell, 2013) . For highproficiency learners, Bultena, Dijkstra and Van Hell (2013) also report cognate effects for verbs in first fixation times only, while Van Assche, Duyck and Brysbaert (2013) find effects in go-past times. Given that early measures, in particular first fixation duration, are commonly associated with processes of lexical access and retrieval (e.g. Rayner, 1998) , it seems reasonable to interpret these effects as reflecting early and immediate cross-linguistic lexical activation. In this respect, they mirror the findings from cognate effects for verbs presented in isolation (e.g. Van Assche, Duyck & Brysbaert, 2013: Experiment 1; Van Hell & De Groot, 1998) . 6 The cognate facilitation effect was not moderated by proficiency.
While the cognate effect in first fixations underlines that the German lexicon was cross-lingually activated for the entire L2 group when reading sentences in English, there were no general interactions between Clause Type and Relative Clause Type that could be taken to suggest cross-lingual activation of the L1 word order at the L2 group level.
However, a significant interaction of Clause Type and Relative Clause Type with Proficiency emerged on V1 in first-pass reading times. As Figure 1 shows, reading times on V1 were longer for low-proficiency learners in the condition with surface order overlap with German embedded clauses (3a). These results indicate that lower-proficiency learners may adopt an analysis of the word order in reduced relative clauses in English in terms of the canonical German word order of embedded clauses.
This effect of proficiency resonates with findings that cross-linguistic lexical activation (e.g. Bultena, Dijkstra & Van Hell, 2013) as well as interference of L1 grammatical information in real-time L2 comprehension (e.g. Frenck-Mestre, 2002; Hoshino, Dussias & Kroll, 2011) is more pronounced at lower proficiency levels. As proficiency rises, L2 learners become more target-like in using the target syntax (e.g. Hopp, 2006; Jackson, 2008) . Importantly, the effects of cross-linguistic 5. However, cognate facilitation effects in those studies extended to first pass and total reading times.
6. An anonymous reviewer points out that for the cognate effect to be accepted as real, there would need to be a significant interaction with the factor L1 in an omnibus analysis including both groups. Given the small size of the effect for verb cognates, this interaction does not reach significance (ß = −7.62, SE = 8.89, z = −.857; p = .392). However, we follow previous studies in taking the significant difference on well-matched control and cognate verbs as evidence for cognate facilitation in the L2 group. syntactic activation were not observed across verb types; rather, they were specific to non-cognate, i.e. control verbs.
Before we discuss the effects of Verb Type in more detail, we ascertain whether this effect can be replicated in Experiment 2 under different conditions. In Experiment 2, we test the extent to which higher contextual activation of the L1 leads to greater co-activation of the L1 syntax in L2 on-line comprehension. Therefore, Experiment 2 made readers alternate between reading sentences in English and in German because half of the filler sentences were replaced with their German translations.
Experiment 2
Participants
In total, 39 L1 German learners of English participated. They were recruited from the same population as in Experiment 1, but none of them had taken part in Experiment 1. Self-rating English reading (out of 10) 7.0 3-9 1.4
Self-rating English spelling (out of 10) 6.6 3-10 1.6
Self-rating English writing (out of 10) 6.6 3-9 1.6
Self-rating English speaking (out of 10) 6.8 2-9 1.7
Self-rating English comprehension (out of 10) 7.4 3-9 1.7
Self-rating English (out of 50) 34.3 20-44 6.4
Length of Residence 0.2 0-1.5 0.3
In terms of the participant characteristics (Table 5) , the participants in Experiment 2 were comparable to those in Experiment 1. For the standardized proficiency measure, a one-way ANOVA showed no statistical difference between the two groups in the test scores (F(1,83) = 1.710, p = .195).
Materials
The experimental sentences in Experiment 2 were identical to those in Experiment 1 (see (4)). Half of the filler items were translated to German. Importantly, none of the filler items contained any embedded clauses, such that the surface word order of German would not be directly realized. This way, we avoided any potential effects of cross-linguistic syntactic priming. The comprehension questions to the filler items in German were also translated to German.
Procedure
The procedure was identical to that of Experiment 1, except that the practice items were amended to include one sentence in German. In addition, participants were told that they would read sentences in both English and German.
Results
The data from three participants were excluded due to noisy tracking data or tracker loss, such that the data from 36 participants remained for analysis. The data were analyzed in the same manner as in Experiment 1. Table 6 gives the reading time measures and the number of regressions for the relevant areas of interest. Table 6 . Experiment 2. Reading times per region of interest (in ms) and number of regressions. Standard error in parentheses. All L2 participants (n = 36). RRC -Reduced Relative Clause; FRC -Full Relative Clause; E -Embedded clause; M -Main clause.
V1 region (ignored)
V2 region (tried)
V3 region (to leave)
319 (11) 296 (10) 299 (9) 305 (10) 312 (11) 292 (10) 295 (8) 279 (9) 283 (9) 279 (11) 284 (8) 286 (9) Cognate Verb RRC-E RRC-M FRC-E FRC-M 300 (10) 313 (10) 281 (9) 296 (9) 298 (8) 299 (11) 291 (8) 294 (10) 286 (10) 284 (10) 281 (8) 265 (9) Control Verb First pass (17) 461 (17) 443 (14) 476 (16) 484 (18) 435 (16) 434 (14) 414 (13) 432 (15) 423 (17) 414 (13) 458 (15) Cognate Verb
478 (17) 498 (18) 447 (15) 450 (15) 429 (16) 429 (17) 388 (13) 434 (14) 475 (17) 475 (18) 460 (14) 452 (16) Control Verb Second pass RRC-E RRC-M FRC-E FRC-M 536 (38) 541 (37) 342 (33) 407 (29) 396 (30) 497 (35) 257 (24) 307 (26) 309 (24) 357 (26) 197 (18) 218 (20) (38) 356 (29) 410 (34) 426 (35) 494 (36) 284 (28) 331 (30) 367 (30) 392 (32) 267 (24) 341 (32) Control Verb
1044 (41) 1002 (40) 786 (36) 883 (33) 880 (35) 932 (38) 691 (29) 721 (28) 741 (28) 780 (30) 611 (23) 676 (25) Cognate Verb
994 (47) 1047 (40) 803 (32) 860 (39) 855 (37) 923 (40) 672 (31) 765 (34) 843 (33) 867 (35) 727 (28) As in Experiment 1, we analyzed the data for cognate facilitation on V1 and interactions with the factor Verb Type for all areas of interest.
Cognate effects on V1. There was a marginally significant effect of Verb Type for first fixation duration, with cognate receiving faster reading times than control verbs (292ms vs 308ms; ß = 14.66, SE = 7.69, z = 1.907; p = .061). The cognate facilitation effect had the same size as in Experiment 1 (i.e. 16ms). There was no interaction with Proficiency (ß = 0.36, SE = 1.15, z = 0.315; p = .753). For region V3, the L2 group evinced main effects of Relative Clause Type in second pass reading times, where non-reduced relative clauses had shorter reading times (257 ms vs 357 ms; ß = 191,69, SE = 73.44, z = 2.610; p = .009), as well as in the number of regressions (256 vs 428; ß = 0.276, SE = 0.108, z = 2.538; p = .011). In addition, there was a significant interaction of Relative Clause Type and Verb Type in second pass reading times (ß = 205.73, SE = 103.51, z = 1.988; p = .047).
We followed up on the significant three-way interaction between Clause Type, Relative Clause Type and Verb Type in first-pass reading times on the V1 region. In separate analyses by Verb Type, the analysis for cognate verbs yielded a main effect of Relative Clause (ß = 95.05, SE = 44.72, z = 2.034; p = .042), yet no interaction of Relative Clause and Clause Type (ß = 35.0, SE = 29.7, z = 1.179; p = .239). In contrast, for control verbs, there was no main effect of Relative Clause (ß = 68.15, SE = 46.07, z = 1.433; p = .152), yet the interaction between Relative Clause and Clause Type became marginally significant (ß = 55.50, SE = 29.25, z = 1.898; p = .058).
In subsequent pairwise comparisons by Verb Type, we found a significant difference in first pass reading in embedded and main clauses for control verbs in reduced relative clauses (508 ms vs 456 ms; ß = 45.71, SE = 21.39, z = 2.137; p = .033). There was no significant difference for non-reduced relative clauses (443 ms vs 476 ms; ß = 14.78, SE = 19.91, z = 0.742; p = .461). For cognate verbs, there were no significant differences in either reduced relative clauses (478 ms vs 498 ms; ß = 6.62, SE = 22.62, z = 0.293; p = .769) or non-reduced relative clauses (447 ms vs 450 ms). Critically, the first pass reading times on V1 were consistently longer for main clauses than embedded clauses, except for control verbs in the reduced relative clause condition, where embedded clauses showed higher reading times (4a).
Figure 2 graphs the differences in first pass reading times and illustrates the selectively longer reading times on the verb in embedded reduced relative clauses with control verbs. 
Control
Discussion
Experiment 2 replicates the cognate effect on first fixation durations elicited in Experiment 1, even though it only reached marginal significance. In addition, the main effects of Relative Clause again index the increased difficulty in reading reduced relative clauses as in Experiment 1. Further, the significant interaction between Clause Type, Relative Clause Type and Verb Type in first pass reading times on V1 for control verbs points to cross-linguistic syntactic activation in that the reduced embedded clause receives significantly longer reading times than the matched main clause. In this respect, Experiment 2 replicates the findings from Experiment 1; however, the effects are not moderated by proficiency in Experiment 2 and apply to the whole L2 group. In line with previous findings on effects of language-mixing (see Section 2), the design which makes readers switch between German and English sentences thus strengthens the effects of cross-lingual activation that was limited to the lower-proficiency readers in Experiment 1.
General discussion
In two reading experiments, we investigated whether late L2 readers activate the L1 syntax in on-line comprehension of the L2 and whether cross-lingual syntactic activation of the L1 is affected by lexical co-activation. Both Experiment 1 and Experiment 2 furnished evidence of lexical co-activation in that cognate verbs yielded shorter first fixation durations than matched control verbs. These findings are consistent with previous work that shows cognate effects in semantically low-constraining monolingual sentence contexts (for review, see Van Assche et al., 2013) . These early effects are not affected by language switching (Gullifer, Dussias & Kroll, 2013) . Further, the experiments yielded evidence of the cross-linguistic co-activation of a locally coherent L1 syntactic structure. In Experiment 1, lower-proficiency L2ers evinced selectively longer first pass reading times for the German word order option, and, in Experiment 2, all readers showed increased first pass reading times for embedded clauses with reduced relatives for control verbs. At the group level, these findings align with the self-paced reading data reported in Jacob (2009) who found a significant interaction between Clause Type and Relative Clause on the final verb of relative clauses when German-English bilinguals read sentences like (3) in a language-mixing context.
Before we discuss the present results in more detail, we consider whether they could be due to other factors than activation of the L1 syntax. First, it is unlikely that the present pattern of results is due to any item-specific properties, because longer first pass reading times were limited to reduced relative clauses. In sentences with non-reduced relative clauses (4c, d), the same lexical items evinced longer reading times in embedded than main clauses.
Second, the effects of syntactic co-activation were limited to one measure in one region only and may therefore not be considered substantial enough to reflect activation of the L1 syntax. However, these effects were systematic in that they occurred in the same measure in Experiments 1 and 2 and in the relativeclause final segment as in Jacob (2009) who used different materials and a different method. Generally, previous monolingual studies show that, unlike for garden-path sentences, effects of local coherence are limited to a single segment, which indicates that locally coherent misanalyses are rapidly revised (e.g. Tabor, Galantucci & Richardson, 2004; Cai, Sturt & Pickering, 2012 ; for eye tracking data, see Christianson, Luke & Wochna, 2014) . The effects found in this study thus index typical signatures of local coherence.
Third, it could be argued that the effects of cross-linguistic co-activation do not reflect syntactic activation of the L1 at a grammatical level; rather, they might be the result of surface priming of the word order of the German sentences to the English sentences in the experiment. However, Experiment 2 did not contain any German embedded clauses whose surface word order could have directly primed participants. Further, the effects of cross-linguistic syntactic activation observed for the lower-proficiency participants in Experiment 1 could not be due to cross-linguistic priming due to the absence of any German sentences in the experiment. Hence, we conclude that the results reflect grammatical activation of the L1 word order.
We now turn to effects of context, proficiency and verb type. As for effects of context, the greater activation of L1 syntax in Experiment 2 versus Experiment 1 bolsters the observation that language switching can lead to enhanced levels of cross-linguistic activation in L2 reading, as was also borne out in the priming and code-switching studies summarized in Section 2 (see also Jared & Kroll, 2001) .
For proficiency, the current set of experiments shows that effects of cross-linguistic activation are limited to lower-proficiency learners when reading sentences in English only, whereas they generalize across proficiency in a code-mixing context that incurs higher levels of top-down cross-linguistic activation. This pattern of results aligns with previous research on language inhibition and switching (Guo, Liu, Misra & Kroll, 2011) . L2 learners who are more highly proficient enjoy greater inhibitory control of selectively attending to the language in use and suppressing cross-lingual competition (e.g. Costa, Santesban & Ivanova, 2006) . However, when the activation levels of the other language are increased in a code-mixing context that makes it harder to inhibit the other language, learners experience cross-linguistic effects across proficiency levels.
In addition, the effects of cross-lingual syntactic competition were specific to control verbs, i.e. non-cognate verbs, in both experiments, which indicates that syntactic co-activation is moderated by lexical processing.
The specific restriction of L1 activation to control words is unexpected according to non-selective lexicosyntactic models of bilingual processing, such as the Shared Syntax model (Hartsuiker & Pickering, 2008) , in which lemmas are connected to combinatorial nodes encoding word order. Cross-linguistic cognate activation of the L1 lemma would then be expected to enhance syntactic co-activation of the locally coherent L1 syntax, thus mirroring the cognate boost in crosslinguistic structural priming (e.g. Cai et al., 2011) .
Instead, there appears to be less interference from the L1 syntax under conditions of cross-linguistic lexical overlap. In this respect, the present findings align with previous work on L2 sentence processing that shows that the use of cognates leads to more target-like processing of L2 syntactic representations due to faster lexical retrieval with cognates (Miller, 2014) . According to the Weaker Links hypothesis (Gollan, Montoya, Cera & Sandoval, 2008) , bilingualism leads to attenuated retrieval efficiency of word forms in each language because bilinguals divide their time speaking and comprehending across two (or more) languages. In the framework of the Weaker Links hypothesis, cognate facilitation effects thus index the increased frequency with which word forms that are shared across languages are called upon, which, in turn, reduces the effort associated with their retrieval (see also Strijkers, Costa & Thierry, 2010) . Conversely, control verbs (and lowerfrequency verbs in general) require more resources due to comparatively weaker lexical links.
Resource constraints in lexical processing that subserves syntactic processing feature prominently in limited capacity models of non-targetlike L2 sentence processing (e.g. Hopp, 2010; McDonald, 2006; Sorace, 2011) . According to these models, insufficient computational resources in L2 readers lead to failures in integrating information, such that a full target-like parse cannot reliably be effected and shallow, incomplete or L1-based outputs are computed (see also Dekydtspotter & Renaud, 2014) .
The present findings are compatible with these accounts. In both Experiments 1 and 2, the L2 groups were able to demonstrate target-like processing for English reduced relative clauses with cognate verbs. However, when resources are taxed, i.e. at lower proficiency levels in Experiment 1, and when top-down cross-linguistic activation of German is magnified by language mixing in Experiment 2, L2 readers appear to run out of capacity for solely computing the complex target English reduced relative structure with control verbs that consume more resources for lexical processing. Under these circumstances, readers show fleeting activation of the simpler locally coherent L1 syntactic structure in first pass parsing. In second pass parsing, as measured in second pass and total reading times as well as the number of regressions, the sentence conditions do not differ, since the German verb-final order quickly fades as a viable interpretation of the sentence and is therefore not sustained.
The specific interactions of lexical and syntactic processing constraints found in this study receive a straightforward explanation in the Lexical Bottleneck Hypothesis, espoused by Hopp (2014) , following Dekydtspotter, Schwartz and Sprouse (2006) . Inspired by the Weaker Links hypothesis and its consequences for a capacity-constrained parser, the Lexical Bottleneck Hypothesis holds that slowdowns in lexical access and integration affect the target computation of syntax by leading to incomplete parsing. For instance, Hopp (2014) shows that L2 readers with more automatized lexical access routines show target-like syntactic processing of ambiguous relative clauses, while proficiency-matched L2 readers with slower lexical processing are non-target-like. Other studies demonstrate that the speed of lexical access moderates the sensitivity of adult L2 learners to syntactic agreement (McDonald & Roussel, 2010) .
In the present context, the lexical bottleneck is wider for cognates thanks to cross-linguistic speed-ups in lexical access, and sufficient resources remain to compute the target structure and, conversely, to suppress the competing simpler L1 alternative more successfully. By highlighting the computational lexical effort associated with executing the syntactic parse, the present findings lend further support to the Lexical Bottleneck Hypothesis and underscore the importance of considering lexical processing difficulty in accounting for non-target L2 syntactic processing.
In broader perspective, this study adduces further evidence that the activation of L1 syntax is limited in L2 sentence processing (e.g. Clahsen & Felser, 2006) in that L1 effects surface only in language-mixing contexts or at lower proficiency levels under specific lexical circumstances (see also Frenck-Mestre & Pynte, 1997; Roberts, 2008) . Future studies should test whether these findings generalize to other constructions and whether similar effects can be found with exclusively monolingual words by contrasting high and low frequency words.
In addition, the observed disjunction of cross-linguistic lexical and syntactic co-activation has repercussions for the architecture of bilingual language comprehension in that it indicates that non-selective lexical access does not extend to syntax in comprehension, as suggested in lexical models of combinatorial bilingual production (e.g. the Shared Syntax account, Hartsuiker & Pickering, 2008) .
Finally, this study suggests that research on L2 sentence processing needs to determine the (temporal) interactions of lexical and syntactic processing in the L2 in order to identify the specific areas of difficulty and conditions of cross-linguistic influence in L2 learners in L2 real-time comprehension.
